A new position-sensing X-ray detector operated in integrate-readout mode has been recently designed and characterised. Due to the peculiar working principle of the new detector, the charge handling capability, that is the maximum charge that can be stored in a pixel, is related to the operating conditions of the device. In particular the amplitude of the harriers that confine the signal electrons during the integration phase depends on the applied drift field and on the field perturbation superposed to it. A detailed experimental characterisation of the charge handling capability as a function of these parameters has been carried out.
I. INTRODUCTION
A new position-sensing X-ray detector, called ControlledDrift Detector' (CDD) [l] , has been recently introduced. The device is operated in integrate-readout mode. During the readout phase a nearly uniform electrostatic field transports the integrated signal electrons to the output electrode. The drift time gives the position of incidence. During the integration phase the drift is blocked by means of a suitable field perturbation superposed to the drift field. The signal electrons generated by the incident X-ray are collected from the entire volume into an array of potential wells placed at several microns from the front side of the detector.
The n-type hulk (280pm thick 3kQcm resistivity substrate and ISpm thick 50C2cm resistivity epitaxial layer) is fully depleted by means of the p+ field strips implanted on the front side and by a uniform pf implant on the hack side. Figure 1 shows a scheme of principle of the pi field strips of the front side of the detector and of the biasing circuitry. In this design implementation [2, 3] the electrostatic field configurations for the integration and the readout phases are generated by a proper biasing scheme of the three resistive dividers, shown in Figure 1 . The field perturbation required to block the drift of the signal electrons during the integration phase is generated by the proper choice of the bias change AV. The confinement along the other transverse direction is 'Patent applications: n. MI 97 A 000 423 (Italy, Feb. 27-th, 1997) , n. 98830089.3 (European Countries, Feb. 24-th. 1998 At a given drift field the bias change AV must he tuned in order to generate a field perturbation able to confine the electrons generated by the X-ray. However as the applied drift field rises, the same field perturbation produces lower confining barriers at the depth where the electrons are stored.
Such depth must be traded with the requirement of high uniformity of the drift field during the readout phase that improves with the depth from the surface. Objective of the present work is to test experimentally the charge handling capability as a function of the amplitude of the field perturbation and of the applied drift field. Section 2a reviews the readout mechanism of the CDD together with the experimental meaurements carried out to characterise the integratereadout cycle for different drift fields. Section 2b is devoted to the experimental characterisation of the charge handling capability of the CDD as a function of the amplitude of the drift field perturbation and of the applied drift field.
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D. EXPERIMENTAL CHARACTERISATION

A. Readout mechanism
The fast readout of the integrated signal electrons achievable with a static drift field has been experimentally verified. The bias change (AV=2V) needed for the transition between the two operating phases is provided at low level of impedance by connecting external dividers of 2pF capacitors in parallel to two of the on-chip resistive dividers (I node every six) while 1nF capacitors bypass to ground the intermediate nodes of the. third on-chip resistive divider.
A 904nm pulsed laser with a pulse duration of few nanoseconds has been focused by means of the optics of a microscope on the front surface of the detector. The laser spot diameter is ahont 20pm as can he obtained by de-convolution of the experimental data from the metalization pattern of the field strips. The laser intensity was adjusted to generate about 24,000 electrons, corresponding to an X-ray of about 86keV.
The light spots were spaced of 30pm along the drift direction. The proper operation of the detector has been tested for drift fields in the range 100-400 V/cm. Figure 2 shows the measured drift time normalised to the drift time from the last pixel versus the drift coordinate. The. time axis is divided in equal time bins corresponding to the average drift time between adjacent pixels. The nearly abrupt change in the measured drift time occurs when the laser spot is focused on the saddle point that defines the border between two adjacent pixels of the same column.
For all the experimented drift fields the non-linearity of the drift time vs. incidence position curves allows to safely identify the starting pixel. At 300 Vlcm the measured nonlinearity is equal to 1%. The corresponding readout speed of the charge packet is 0.35 c m /~s .
B. Charge handling capability
The amplitude of the potential barriers that block the drift of the signal electrons can be tuned by varying the bias change AV applied to the field strips of the front side.
The fraction of the injected charge that can be confined in the pixel with the device biased at different drift fields in the range 250-400 Vicm has been tested as a function of bias change AV for different levels of charge injection (up to 80,000 electrons). The charge was generated by an IR pulsed laser, focused on the strip overneath the collecting minimum of the first pixel. The time duration of the integration phase was limited to 50 ks in order to make the contribution due to the integration of the thermally generated leakage current negligible. In all the operating conditions the signal charge was not leaking over the lateral barriers.
In Figure 3a the chzge stored in the pixel, QPi, (that is the charge released by the pixel after the transition to the readout phase) normalised to the total injected charge, Qtot = 20,000 electrons, is plotted versus the amplitude of the bias change AV of the strips of the front side of the detector (lower x-axis) for different values of the applied drift field.
The upper x-axis shows the corresponding amplitudes of the field perturbation at the depth where the electrons are stored (z = 12 pm).
For small values of the drift field perturbation the generated barriers are not high enough to fully confine all the generated charge. A fraction of the injected electrons is "instantaneously" lost and causes a signal synchronous with the laser trigger to appear at the output electrode. Therefore the charge stored in the pixel (Qpix), proportional to the output signal measured at the anode after the transition to the readout phase, is lower than the total injected charge and can be assumed as an estimation of the charge handling capability of the pixel for such amplitude of the drift field perturbation. For higher values of the field perturbation the barriers are high enough to fully confine all the injected charge QtOr No output signal synchronous with the laser trigger is present and the charge stored in the pixel (Qpix) is equal to the total injected charge.
The same measurements were repeated for different values of the total injected charge, Q,, = 40,000 electrons, Qto, = 60,000 electrons, Q,, = 80,000 electrons and the results are shown in Figures 3b, 3c, 3d. The knees of the curves define the minimum field perturbation required to confine the injected charge, Q,,,.
Such value is always greater than the applied drift field. For low levels of charge injection, when the electrostatic repulsion can be neglected, a field perturbation slightly higher than the applied drift field is enough to achieve charge confinement. For a drift field of 250VIcm a drift perturbation of about 300 Vlcm is enough to fully confine the total injected charge QtOr = 20,000 electrons. For higher levels of charge injection the amplitude of the field perturbation needed to fully confine the injected charge tends to be greater as higher potential barriers =e required to oppose to the electrostatic repulsion. 
